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DESCRIPTION 



BARIUM TITANATE POWDER AND METHOD FOR PRODUCING THE SAME 

5 FIELD OF THE INVENTION 

The present invention relates to a barium titanate powder 
and a method for producing the same. 

DESCRIPTION OF BACKGROUND ART 

10 Barium titanate is widely used as a dielectric of a multilayer 

capacitor. A multilayer capacitor containing barium titanate 
has dielectric layers made of barium titanate and electrode 
layers for applying voltage on the dielectric layers in which 
the dielectric layers and the electrode layers are mutually 

15 laminated. Production of a multilayer capacitor is conducted 
by a method in which layers made of a barium titanate powder 
and electrode layers are laminated and the laminate is sintered 

at about 1400*C . 

Conventionally, expensive platinum group elements have been 
20 used as a material of an electrode layer, however, from the 
standpoint of reduction in cost, application of a cheap metal 
such as nickel and the like is under investigation. 

However, since the melting point of nickel (1450X3) is lower 
as compared with platinum group elements (melting point of 
25 platinum: 1770*C) , nickel is diffused at sintering temperature 
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in the conventional method, it is difficult to manufacture a 
multilayer capacitor. 

On the other hand, when the sintering temperature is lowered, 
formation of a barium titanate dielectric layer having high 
5 density becomes difficult. 

Therefore , there is desired a development of a barium titanate 
powder capable of forming a dielectric layer of high density 
even in sintering at lower temperature, for example, 1100 to 
I200T:. 

10 

DISCLOSURE OF THE INVENTION 

.The present inventors have intensively studied a barium 
titanate powder excellent in sintering property at lower 
temperature and resultantly completed the present invention. 

15 Namely, the present invention provides a barium titanate 

powder comprising a perovskite structure having a ratio c/a of 
1 . 008 or more and ratio d/D of from 1 to 1 • 5 , wherein "c" represents 
a length of the c-axis, "a" represents a length of the a-axis 
in the perovskite structure, "d" represents an average particle 

20 diameter and "D" represents an equivalent BET specific surface 
area diameter. 

Further, the present invention provides a method for 
producing a barium titanate powder, comprising the steps of: 
(1) heating a mixture containing a titanium compound and 

25 a barium compound under a gas atmosphere containing a halogen 



2/27 



PCT/JP2004/005824 

at a temperature of not less than about 200^!!^ and less than the 
temperature for generation of barium titanate, 

(2) calcining the obtained mixture under an atmosphere 
containing substantially no halogen at a temperature of not lower 
5 than the temperature for generation of barium titanate. 

The barium titanate powder of the present invention is 
excellent in sintering property at lower temperature and useful 
as a raw material of a highly dense dielectric for multilayer 
capacitor. 

10 Further, according to a production method of the present 

invention, such a barium titanate powder is obtained easily. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The barium titanate powder of the present invention has a 
15 perovskite structure having a ratio c/a of 1.008 or more, and 
"c" represents a length of the c-axis, "a" represents a length 
of the a-axis in the perovskite structure. 

The barium titanate powder of the present invention has a 
ratio d/D of 1 or more and 1 . 5 or less , and "d" represents an 
20 average particle diameter and "D" represents an equivalent BET 
specific surface area diameter. The upper limit of d/D is 
preferably 1.3 and further preferably 1.2. 

The barium titanate powder of the present invention is 
preferably that has smaller average particle diameter, for 
25 example , that has an average particle diameter of 0 . 3 [im or less . 
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Barium titanate powder having smaller average particle diameter 
can be suitably used as a material for forming a dielectric layer 
having smaller thickness, for example, 1 to 2 ^m. A multilayer 
capacitor containing a dielectric layer having decreased 
5 thickness is preferable since the electric capacity per unit 
volume is higher. The barium titanate powder obtained by the 
present invention usually has an average particle diameter of 

about 0.05 ^m or more. 

The barium titanate powder of the present invention 
10 preferably contains a particle density of 5.8 g/cm^ or more. 
It is assumed that in case a barium titanate powder has a smaller 
particle density, the particle therein has a void or a hydroxyl 
group . 

The barium titanate powder of the present invention 
15 preferably has higher loose bulk density, for example, it is 
preferably 1.4 g/cm^ or more. Further, the barliam titanate 
powder preferably has higher packed bulk density , and for example , 
it is preferably 1 . 8 g/cm^ or more. On the other hand, the upper 
limit of the loose bulk density of a barium titanate powder is 
20 not particularly limited, and it is preferably about 2 g/cm^. 
Also the upper limit of the packed bulk density of a barium titanate 
powder is not particularly limited, and it is preferably about 
2 . 5 g/cm^. 

In a method of mixing a barium titanate powder, solvent and 
25 dispersing agent, forming a sheet from the obtained slurry, and 
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calcining the sheet to obtain a dielectric layer (doctor blade 
method) , a bariiom titanate powder having the above -described 
c/a, d/D, loose bulk density and packed bulk density is used 
suitably as a raw material since a highly dense sintered body 
5 is obtained even by sintering at lower temperature and the use 
amount of a solvent is decreased. Examples of the solvent used 
in the doctor blade method include organic solvents such as 
toluene^ ethanol and acetone; water having pH regulated with 
an alkali such as ammonia, euranonium carbonate and ammonium 

10 hydrogen carbonate, and the like. Examples of the dispersing 
agent include cationic, anionic, polyester-based, 
poly carboxy lie amine -based and vinyl -based compounds . Abariiam 
titanate powder may be deagglomerated by using an apparatus such 
as an ultrasonic dispersing machine, ball mill, vibration mill 

15 and rod mill. 

The barium titanate powder is used suitably also as a raw 
material for a build up substrate. The build up substrate has 
been developed in late years , and is obtained by kneading a powder 
such as barium titanate and a resin, and molding the resultant. 

20 As described above, the barium titanate powder of the present 

invention is excellent not only in sintering property at lower 
temperature but also in dispersibility and filling property. 
Further, since a sintered body having a flat surf ace , for example, 
that having no pore or projection having a size of 0.5 fim or 

25 more on the surface, is made from the barium titanate powder 
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of the present invention, the barium titanate powder is useful 
as a raw material for dielectric filters, insulators for 
transparent electrode of plasma display panel , dielectric layers 
of inorganic EL, and the like. 
5 The barium titanate powder of the present invention is 

prepared, for example, by a method comprising the steps of: 

(1) heating a mixture containing a titanium compound and 
a barium compound under a gas atmosphere containing a halogen 
at a temperature of not less than about 200*C and less than the 

10 temperature for generation of barium titanate, 

( 2 ) calcining the obtained mixture at a temperature of not 
lower than the temperature for generation of barium titanate. 

The titanium compound contained in the mixture of the step 
15 (1) may be that capable of reacting with a barium compound by 
calcination described later to generate barium titanate, and 
includes oxides , hydroxide or hydroxide gel of titanium. Examples 
thereof include titanium dioxide and precipitation (titanium 
hydroxide or hydroxide gel) obtained by neutralizing titanium 
20 tetrachloride. The barium compound contained in the mixture 
of the step (1) may be that capable of reacting with the 
above -described titanium compound to generate barium titanate 
by calcination described later, and includes oxides, carbonate, 
hydroxide or carboxylate of barium, and the like. Examples 
25 thereof include barixam carbonate, barium hydroxide and barium 
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acetate. 

As the mixture containing a titanium compound and a barium 
compound, multi-component compounds of titanium and baritam may 
be used* Examples of the multi-component compounds include 
5 titanyl barium oxalate tetrahydrate . 

The mixture in the step (1) may also be that containing an 
agent (flux) for improving the crystallinity of barium titanate , 
in addition to a titanium compound, barium compound or 
multi- component compound of titanium and barium. Examples of 
10 the agent include borate and ammonium salt. 

The above mixture may be prepared by a method of mixing a 
titanium compound, barium compound and optional agent in a dry 
or wet condition. Further, the obtainedmixture maybe subjected 
to pulverizing, if necessary. Mixing may be conducted by using 
15 an apparatus such as a ball mill , vibration mill , Henschel mixer , 
vertical granulator and dynamic mill. Pulverization may be 
conducted by using a ball mill, vibration mill, dynamic mill 
and the like. It is preferable to conduct mixing and 
pulverization by using a ball mill, vibration mill, since both 
20 operations can be conducted in the same apparatus. 

Heating in the step (1) is conducted under a gas atmosphere 
containing a halogen . In this operation , examples of the halogen 
include chlorine, bromine and iodine, preferably chlorine. 
25 Exeanples of the gas containing a halogen include molecular 
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halogens such as CI2, Br2 and I2; hydrogen halldes such as HCl, 
HBr and HI; halldes and the like. Among them, preferable are 
molecular halogens and hydrogen halldes , further preferable are 
hydrogen halldes, and particularly preferable is hydrogen 
5 chloride . 

The halogen concentration in the atmosphere is usually about 
0.5 vol% or more, preferably about 1 vol% or more, further 
preferably about 3 vol% or more, and usually about 50 vol% or 
less , preferably about 30 vol% or less, further preferably about 

10 20 vol% or less . The atmosphere contains gases other than halogen , 
for example, gases such as nitrogen, oxygen, air and argon. The 
atmosphere usually has a total pressure of about 0. 1 MPa or more 
and about 1 MPa or less. 

Heating in the step (1) is conducted at a temperature of 

15 not less than about 200*C and less than the temperature for 
generation of barium titanate. The heating temperature is 
preferably about 300*C or more, further preferably about 500*0 
or more, and less than about SOO^C, further preferably about 
VOO^C or less. The heating time is usually about 1 minute or 

20 more and about 10 hours or less. 

Calcination in the step ( 2 ) is conducted under an atmosphere 
containing substantially no halogen unlike the above -described 
heating step. The halogen is chlorine, bromine, iodine or 
fluorine. The concentration thereof is usually about 0.1 vol% 

25 or less . The total pressure of the atmosphere in the calcination 
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Step ±s usually about 0.1 MPa or more, and about 1 MPa or less. 

The calcination temperature may be not lower than the 
temperature for generation of barium titanate from a mixture 
containing a titanium compound and a barium compound, and for 
5 example, it is about SOO'C or more. The upper limit of the 
calcination temperature is not particularly limited, and it is 
usually about lOOO'C. The calcination time may be that for 
sufficient progress of generation of bariiim titanate, and though 
differing depending on the calcination temperature , it is usually 

10 about 10 minutes or more and about 10 hours or less. The 

temperature for generation of bari\im titanate from a mixture 
containing a titanium compound and a barium compound may be 
estimated by a peaJc position in an endo- exothermic curve measured 
by thermal analysis (TG-DTA) . 

15 The step (1) and the step (2) may be conducted, for example, 

by a method of heating a mixture containing a titanium compound 
and a barium compound in a halogen-containing gas atmosphere 
while introducing a gas containing a halogen into a furnace at 
a temperature of the above described range, for example, 200"^ 

20 or more and less than 800*C , replacing the gas in the furnace 
with a gas containing no halogen (for example, air) and calcining 
the resultant at a temperature for generation of barium titanate , 
for example, SOO^C. 

25 It is preferable to wash the barium titanate powder obtained 
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In the step (2). The washing liquid Is, for example, water, an 
aqueous solution of a carbonate, preferably, an aqueous solution 
of a carbonate. By washing, adhesion substances, which Is 
halogen as an atmosphere gas In heating or Its compound and the 
5 like, on the surface of particles of a barium tltanate powder 
is removed. It is preferable that the washed powder is 
reTcalclned. Re-calclnatlon may be conducted under an 
atmosphere, for example under an air, containing substantially 
no halogen such as chlorine, bromine, iodine and fluorine at 

10 a temperature of SOOtl) or more and llOO^C or less. In the 

re-calclnatlon atmosphere , the halogen concentration is usually 
less than about 0. 1 vol% and the total pressure is usually about 
0.1 MPa or more and about 1 MPa or less. 

The barium tltanate powder obtained in the step (2) or 

15 optionally the above -described washed and re -calcined powder 
may be further classified and pulverized. 

A barium tltanate powder obtained by the above -de scribed 
method is usually in the form of fine particle, and gives easy 

20 dispersion of primary particles. That is, the barium tltanate 
powder contains little agglomerated particles , and a binding 
strength between particles is lowered if agglomerated particles 
are present, therefore, pulverizing energy necessary for 
deagglomerating the particles is small, and the amount of 

25 agglomerated particles is decreased by pulverizing in a short 
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period of time by using a ball mill and vibration mill. 

In case a powder containing strongly agglomerated particles 
Is powerfully pulverized, a pulverizing medium in a ball mill 
and vibration mill may be broken, resultant ly, fragments may 
5 be mixed in, and by mill packing , particles maybe re -agglomerated 
to generate coarse particles. 

In case the barium tltanate powder obtained by the method 
of the present Invention is used, these incidents are decreased. 

10 EXAMPLES 

The present invention will be Illustrated further in detail 
by examples below, but the scope of the invention is not limited 
to them. The physical properties of a barium tltanate powder 
were measured by the following methods. 

15 

Crystal phase, c/a: 

An X-ray diffraction pattern was measured by using an X-ray 
dlf f ractometer { "RINT type" , manuf acturedby RIGAKU) and crystal 
phase was determined. The resulted X-ray diffraction pattern 
20 was analyzed by a Rletveld method, the lengths of the a eixls 
and the c axis were calculated and the ratio c/a was obtained. 

Average particle diameter d (m^): 

A powder was dispersed in a 0 • 2 wt% sodium hexametaphosphate 
25 aqueous solution and ultrasonic- treated, then, the average 
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particle diameter was measured by using a laser diffraction 
scattering type particle size distribution analyzer ( "Master 
Sizer 2000 type", manufactured by Malvern). 

5 Equivalent BET specific surface area diameter D (jim): 

It was calculated from the BET specific surface area according 
to the following equation, wherein the BET specific surface area 
is measured by using BET specific surface area analyzer ("Flow 
Sorb II2300 type", manufactured by Shimadzu Corp.) based on a 
10 single-point BET method. 

6/ [theoretical density (g/cm^) of barium titanate x BET 
specific surface area (m^/g) ] 

wherein the theoretical density is 6.02 g/cm^, which is a 
specific gravity of tetragonal barium titanate. 

15 

Particle density (g/cm^) 

A sample was dried at 120*0, then, mono-axially pressed at 
a pressure of 300 kg/cm^ to obtain pellets, and the particle 
density of the pellets were measured by using a pycnometer 
20 ( "Ultrapycnometer UPY-4 type", manufactured by Yuasa Ionics) . 

Loose bulk density, packed bulk density (g/cm^): 

Fifty gram of a sample was charged in a 100 mL glass measuring 
cylinder, and the apparent volume Vl of the sample was measured. 
25 The loose bulk density (= W/Vl) was calculated from the weight 
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W (= 50g) and the volume Vl. 

Next, the cylinder containing the sample was dropped from 
a height of 5 cm 100 times and tapping was conducted, and the 
apparent volume Vp of the sample was measured. The packed bulk 
5 density (= W/Vp) was calculated from the weight W (= 50g) and 
the volume Vp. In the course of tapping, decrease In the sample 
volume In the measuring cylinder stopped and the sample volume 
showed a constant value. 

10 Atomic ratio Ba/Tl: 

The peak Intensities of Ba and Tl were measured on a sample 
and a standard sample, respectively, by using a fluorescent X-ray 
analyzer ("PW1480 type", manufactured by Phillips). On a 
standard seunple (composition has been analyzed by chemical 

15 analysis, and the composition is determined) , a calibration curve 
was drawn and the Ba/Tl ratio of the sample was obtained from 
this. 

Halogen (chlorine) content (ppm) : 

20 The peak intensities of halogen were measured on a sample 

and a standard sample, respectively, using a fluorescent X-ray 
analyzer ('"PW1480 type", manufactured by Phillips), and from 
a standard sample and peak intensity ratio, the halogen content 
of a Scunple was calculated. The halogen content of a standard 

25 seunple was measured by dissolving a standard Scunple in an acid. 
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then, subjecting the solution to a chemical titration method. 
Example 1 

[Production I of barium titanate powder] 
5 Barium carbonate ( trade neune : "LC- 1 " , manufactured by Nippon 

Kagaku, BET specific surface area: 10.2m^/g) and titanium dioxide 
(trade name: '•PR-401M'', manufactured by Ishihara Techno, BET 
specific surface area: 20.7 m^/g, rutile ratio: 50.7%) were 
weighed so that the molar ratio of barium carbonate to titanium 

10 dioxide was 1:1. The ignition loss (weight loss when moisture 
or volatile components are removed by heating at 700*C) was 
previously measured, and the weight was obtained by correcting 
weight change due to volatilization of moisture and the like 
by heating. Weighed barium titanate and titanium dioxide 

15 ( total : 1 . 1 kg) were dry-mixed for 20 hours using a polyethylene 
pot mill having a content volume of 10 L charged with a pulverizing 
medium (plastic ball containing 15 mm^ iron core) . The mixture 
had a BET specific surface area of 13.8 m^/g. As a result of 
TG-DTA, the temperature for generation of barium titanate from 

20 this mixture was 820*C. 

The result mixed was placed in a quarts glass furnace core 
tube (content volume: 20 L) of a tubular furnace, the atmosphere 
in the tube was purged with nitrogen, then, temperature rising 
was initiated. When the temperature reached 600*C, a gas of 

25 hydrogen chloride 3 vol% -nitrogen 97 vol% was introduced and 
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heated until 700*C . Then, the atmosphere was replaced with air 
and heated up to 950*0, and calcination was conducted while 
maintaining the temperature at 950D for 2 hours. The total 
pressures of the atmosphere in heating and calcination were 
5 atmospheric pressure (about 0.1 MPa) . 

The powder obtained by calcination was dispersed in a 0 . 8 
wt% ammonium hydrogen carbonate aqueous solution, then, washed 
by filtration. The washed powder was dried at 130*C, and 
re-calcined by maintaining at SOO'C for 3 hours in air. 

10 The powder obtained by re-calcination was pulverized for 

20 hours using a polyethylene pot having a content volume of 
10 L charged with a pulverizing medium (plastic ball containing 
15 mm(}) iron core) , to obtain a barium titanate powder. The 
physical properties of this barium titanate powder are shown 

15 in Table 1 and Table 2. 

[Evaluation 1 of barium titanate powder] 

The above -described barium titanate powder was mono-axially 
pressed into a cylindrical green body of 13 mm<j), then, this was 

20 isostatic-pressed at a pressure of 1 . 5 t /cm^ . The resulted green 
body was sintered under conditions of llOO^C and 3 hours to obtain 
a sintered body. The density of the green body was obtained 
from the weight measured and the volume calculated from the 
internal dicuneter, outer shape and length of the cylindrical 

25 green body. The density of the sintered body was obtained by 
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an Archimedes' method. 

Twenty five parts by weight of ethanol and 0,15 parts by 
weight of a dispersing agent (tradename: "SN-9228" , manufactured 
by Sannopco) were added to 75 parts by weight of the above barium 
5 titanate powder and the mixture was stirred, further, subjected 
to a dispersion treatment by ultrasonic to obtain a slurry. The 
viscosity of this slurry was measured using a B type viscometer 
under conditions of No. 4 rotor and 12 rpm. The results of them 
are shown in Table 3. 

10 

[Evaluation 2 of barium titanate powder] 

One hundred parts by weight of the above barium titanate 
powder, 100 parts by weight of a solvent ( toluene/ethanol =1:9) 
and a dispersing agent (trade name: "SN-9228", manufactured by 

15 Sannopco) were mixed for 2 hours using a ball mill charged with 
a pulverizing medium (trade name: "Highplaball" , nylon ball 
containing iron core) to obtain a slurry. This slurry was 
slip-cast to obtain a green body which was dried, then, sintered 
for 3 hours in air at 1200^0 . The resulted sintered body had 

20 a density of 5.75 g/cm^ (95.6% of theoretical density) . On the 
surface of the sintered body, a range of a longitudinal length 
of 5 mm and a cross length of 5 mm was observed by a scanning 
electron microscope, as a result, pores and projections having 
a size of 0.5 |xm or more were not found. 

25 
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Example 2 

A barium titanate powder was obtained by the same operation 
as In Example 1 [production I of barium titanate powder] except 
that the calcination temperature was changed from 950*C to 900*0 • 
5 The physical properties of the resulted barium titanate powder 
are shown In Table 1 and Table 2 . This barium titanate powder 
was evaluated In the same operation as In Example 1 [evaluation 
1 of barium titanate powder] . The results are shown In Table 
3. Further, this barium titanate powder was evaluated by 
10 conducting the same operation as In Example 1 [evaluation 2 of 
barltun titanate powder] . The sintered body obtained In this 
procedure had a density of 5.69 g/cm^ (94.6% of theoretical 
density) , and pores and projections having a size of 0.5 (xm or 
more were not found on Its surface. 

15 

Example 3 

A barium titanate powder was obtained by the same operation 
as In Example 1 [production I of barlxim titanate powder] except 
that the calcination temperature was changed from 950*C to 850*C 

20 and the re-calcination temperature was changed from 900^0 to 
lOOO'C . The physical properties of the resulted barium titanate 
powder are shown in Table 1 and Table 2. This barium titanate 
powder was evaluated in the same operation as in Example 1 
[evaluation 1 of barium titanate powder] . The results are shown 

25 in Table 3. 
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Example 4 

A barium tltanate powder was obtained by the same operation 
as In Example 1 [production I of barium tltanate powder] except 
5 that the re -calcination temperature was changed from 900*C to 
950*C . The physical properties of the resulted barliim tltanate 
powder are shown In Table 1 and Table 2. This barium tltanate 
powder was evaluated In the same operation as In Example 1 
[evaluation 1 of barium tltanate powder] . The results are shown 
10 In Table 3. 

Comparative Exeunple 1 

A barium tltanate powder was obtained by the same operation 
as In Example 1 [production I of barium tltanate powder] except 

15 that the heating (and calcination) atmosphere was changed to 
air. The physical properties of the resulted barium tltanate 
powder are shown In Table 1 and Table 2 . This barium tltanate 
powder was evaluated In the same operation as In Example 1 
[evaluation 1 of barium tltanate powder] . The results are shown 

20 In Table 3 . 

Comparative Exeunple 2 

[Production II of barium tltanate powder] 

A titanium tetrachloride aqueous solution (manufactured by 
25 Sumitomo Sltlx Corp.) diluted with water so that the 
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concentration was 2.5 mol/L in terms of titaniiam dioxide, and 
a 5 wt% sodium hydroxide aqueous solution were poured into 1 
L of ion exchanged water cooled with ice while adjusting pH of 
the neutralized liquid in the range of 3 . 7 to 4 . 3 by a pH controller . 
5 The resulted hydrated titanium dioxide precipitate was filtrated 
using a suction filtration apparatus and washed. This 
precipitate was dried at 110*C to obtain a powder having a BET 
specific surface area of 200 to 240 m^/g. 

The resulted precipitate was weighed in an eunount of 15 g 

10 in terms of titanium dioxide, and to this was added ion exchanged 
water to obtain a suspension. This suspension and barium 
hydroxide octahydrate (manufactured by Wako Pure Chemical 
Industries) were mixed so that the atomic ratio Ba/Ti was 1.4. 
The resulted mixture was subjected to a hydro thermal treatment 

15 at 150*C for 1 hour. Then, solid in the mixture was filtrated 
and washed and dried at llO^C, further, calcined at 600*C in 
air , to obtain a barium titanate powder . The physical properties 
of the resulted barium titanate powder are shown in Table 1 and 
Table 2 . This barium titanate powder was evaluated in the same 

20 operation as in Exaunple 1 [ evaluation 1 of barium titanate powder ] . 
The results are shown in Table 3 . 

Comparative Example 3 

A barium titanate powder was obtained by the same operation 
25 as in Comparative Example 2 [production II of barium titanate 
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powder] except that the calcination temperature was changed from 
600*0 to SOO'C. The physical properties of the resulted barium 
tltanate powder are shown In Table 1 and Table 2. This barium 
tltanate powder was evaluated In the same operation as In Exeimple 
5 1 [evaluation 1 of barium tltanate powder]. The results are 
shown In Table 3 . 

Production Example 1 

A barium tltanate powder was obtained by the same operation 
10 as In Example 1 [production I of barium tltanate powder] except 
that the calcination temperature was changed from 950*C to 900*0 , 
The physical properties of the resulted barium tltanate powder 
are shown In Table 4 and Table 5. 

15 Production Example 2 

A barium tltanate powder was obtained by the same operation 
as in Exeunple 1 [production I of barium tltanate powder] except 
that the gas to be introduced in heating was changed from hydrogen 
chloride 3 vol%-nltrogen 97 vol% to hydrogen chloride 10 

20 vol% -nitrogen 90 vol% . The physical properties of the resulted 
barium tltanate powder are shown in Table 4 and Table 5. 

Production Example 3 

A powder was obtained by the same operation as in Example 
25 1 [production I of barium tltanate powder] except that the 
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calcination temperature was changed from 950*C to 850*C and the 
heating (and calcination) atmosphere was changed to air. The 
resulted powder was not a BaTlOa single phase, and phases of 
BaCOa, BaO and TIO2 were contained. 
5 Production Example 4 

A barium tltanate powder was obtained by the same operation 
as In Example 1 [production I of barium tltanate powder] except 
that the gas to be Introduced In heating was changed from air 
to hydrogen chloride 3 vol%-nltrogen 97 vol%. The physical 
10 properties of the resulted barium tltanate powder are shown In 
Table 4 and Table 5. In this example, the powder after 
calcination contained barium chloride. 
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Table 1 



Various physical properties of barium tltanate powder 





crystal 
phase 


c/a 


average 
particle 
diameter 
d 


BET 

Specific 

surface 

area 


equivalent 
BET 

specific 

surface 

area 

diameter 


Q./IJ 


density 






fx m 


mVg 


//m 




g/cm 


Example 1 


BaTiOa 

Q H n fT 1 ^ 

phase 


1.0095 


0.130 


8.54 


0.116 


1.12 


5.88 


Example 2 


BaTlOa 
phase 


1.0089 


0-130 


8.65 


0.115 


1.13 


5.86 


Excunple 3 


BaTiOa 
phase 


1.0097 


0.145 


1 .11 


0.137 


1.06 


5.92 


Example 4 


BaTlOa 
single 

phase 


1.0095 


0.185 


6.49 


0.153 


1.20 


5.95 


Comparative 
Excunple 1 


BaTlOa 
single 
phase 


1.0073 


0.162 


7.30 


0.136 


1.19 


5.84 


Comparative 
Example 2 


BaTlOa 
single 
phase 


1.0007 


0.131 


11.1 


0.090 


1.46 


5.76 


Comparative 
Example 3 


BaTlOa 
single 
phase 


1.0060 


0.389 


7.26 


0.137 


2.83 
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Table 2 



Various physical properties of barium tltanate powder 





Loose bulk 
density 


packed bulk 
density 


Atomic 
ratio Ba/Ti 


chlorine 
content 


Example 1 


g/cm^ 


g/cm^ 




ppm 


Example 2 


1.61 


2.04 


1.000 


26 


Example 3 


1.55 


2.00 


1.001 


35 


Example 4 


1 . 44 


2.00 


0. 998 


46 


Comparative 
Example 1 


1.45 


1.92 


0.997 


29 


Compeuratlve 
Example 1 


1.40 


1.78 


0.998 




Comparative 
Example 2 


1.08 


1.45 


0.997 


57 


Comparative 
Example 3 


1.07 


1.45 


0.997 





Table 3 



Evaluation results of barium titanate powder 





Density of 
green body 


Density of. 
sintered body 


slurry 
viscosity 


g/cm^ 


g/cm^ 


mPa • s 


Example 1 


3.65 


5.82 


13160 


Example 2 


3.59 


5.85 




Example 3 




5.92 




Example 4 




5.99 




Comparative 
Example 1 


3.39 


4.94 




Comparative 
Example 2 


3.28 


5.16 




Comparative 
Excunple 3 


3.50 


4.98 


26460 
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Table 4 



Various physical properties of barium titanate powder 





crystal 
phase 


c/a 


average 
par-ticle 
diameter d 


BET 

specific 

surface 

area 


equivalent BET 
specific surface 
area diameter 


a/D 






fX m 


mVg 






Production 
Example 1 


BaTiOa 
single 
phase 


1,0096 


0.159 


7.12 


0.140 


1.14 


Production 
Example 2 


BaTiOa 
single 
phase 


1.0083 


0.160 


7. 19 


0.139 


1.15 


Production 
Example 4 


BaTiOa 
single 
phase 


1.0085 


0.282 


6.69 


0. 149 


1 .89 



Table 5 



Various physical properties of barium titanate powder 





loose bulk 


packed bulk 


atomic 


chlorine 




density 


density 


ratio Ba/Ti 


content 




G/cm^ 


g/cm^ 




ppm 


Production 
Example 1 


1.47 


2.00 


0.998 




Production 
Example 2 


1.56 


2.01 


0.998 




Production 
Example 4 


1.33 


1.88 


0.996 


260 
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